Gender disparities continue to exist in the medical profession, including potential disparities in industry-supported financial contributions. Although there are potential drawbacks to industry relationships, such industry ties have the potential to promote scholarly discourse and increase understanding and accessibility of novel technologies and drugs.
T he Open Payments Program of the Centers for Medicare and Medicaid Services (CMS) recently introduced mandatory online reporting of payments to physicians from the pharmaceutical and medical technology industries, with initial public reporting encompassing 2014. [1] [2] [3] [4] These reporting requirements, established by the Physician Payments Sunshine Act, resulted from increasing public/ regulatory interest in industry relationships. The movement toward increasing the transparency of physician-industry relationships was propelled by studies such as 1 demonstrating that more than 80% of physicians received contributions worth monetary value from industry. 5 Another analysis of industry ties and comparison among various surgical specialties noted that otolaryngologists had fewer financial relationships with industry compared with surgeons practicing in other specialties. 6 Although there have been several analyses examining financial industry ties among physicians practicing various specialties, 3, [7] [8] [9] to our knowledge none have focused on the impact of gender. Despite an increasing number of female residents in training, 10 the field of otolaryngology, and particularly senior academic otolaryngology, remains maledominated, much like other surgical specialties. [11] [12] [13] [14] Numerous studies have examined and noted gender disparities in self-perception, 10, 15 financial compensation, 16 academic advancement, 17, 18 and scholarly impact 18, 19 between genders in otolaryngology. Although there are potential downsides to close industry relationships, including concerns that they may potentiate influence on clinical and research practices, [20] [21] [22] industry collaboration also has the potential to promote scholarly discourse and increase understanding and accessibility of novel technologies and drugs. Our objective was to evaluate whether gender disparities exist in industry relationships with academic otolaryngologists.
Methods
The American Medical Association's Fellowship and Residency Interactive Database (FREIDA) was accessed for a list of US allopathic otolaryngology residency programs. After exclusion of military programs, the online websites of the 100 civilian training programs were searched to construct a comprehensive database of all current, full-time otolaryngology faculty. The following information was recorded from each site: faculty names, fellowship training, and academic rank. In addition, the names and online pictures of each faculty member were used by the authors to classify each individual's gender. Industry contributions during 2014 for each faculty member identified were determined using the CMS Open Payment Database. Names were directly inputted into this search engine, and results returned contained information regarding practice location and physician specialty, helping confirm that the appropriate individuals were queried. "General payments" (payments not directly related to research, including contributions for educational purposes, honoraria/speaking fees, consulting fees, food and beverage expenses), as well as research payments and/or associated research funding, categorized hereafter as "industry contributions," were recorded from this site.
In addition to the above information, the Scopus database (http://www.scopus.com) was used to determine scholarly impact, as measured by the h-index, total number of publications, and publication range. Publication range, defined in years as the date from an individual's first publication, can be used as a proxy measure for experience in academic medicine. 14, 18 The h-index is an easily calculable, objective, and widely available bibliometric that measures the consistency with which an individual is being cited throughout their body of work; it has been shown to be strongly associated with scholarly success, academic promotion, extramural funding, and fellowship training in otolaryngology. 17, [23] [24] [25] [26] [27] [28] [29] [30] Data collection was completed in December 2015.
Statistical Analysis
Nonparametric descriptive statistics were reported because industry payments did not conform to a normal distribution. Effect size for absolute difference in medians was calculated as described by Rosenthal. 31 In addition, 25th and 75th quartiles are given for all reported median values. Effect size was calculated using Cohen d statistic and Cohen h statistic where appropriate. Effect sizes of 0.1, 0.3, and 0.5 are interpreted as small, medium, and large, respectively. Statistical analysis was carried out using SPSS statistical software (version 24, IBM).
Ethical Considerations
The CMS Open Payments Database, Scopus Database, and individual departmental websites are all publicly available and qualify as nonhuman subject research. Therefore, institutional review board approval was not required.
Results
Of 1514 academic otolaryngologists included in this analysis, 1202 (79.4%) were men and 312 (20.6%) were women ( Figure 1A ). When controlling for academic rank, men received higher median industry contributions (including general payments, research payments, and associated research payments), however the observed effect size was very small (Table 1) . Of the 1514 academic otolaryngologists, 992 received industry contributions (817 men and 175 women). Overall, this means a greater proportion of men received industry contributions (68.0% vs 56.1%) ( Figure 1C and D), which translates to $5359 per man and $3240 per woman who did receive industry contributions. Although there were not large differences between genders in whether or not assistant professors received industry contributions, there were clear differences at the higher levels. A greater proportion of men than women received industry contributions at the level of associate professor and professor ( Figure 1E ). When gauged by academic experience (ie, publication range), men and women demonstrated different contribution curves, with considerable differences noted beyond 10 years ( Figure 2) .
A greater proportion of men received industry research payments and industry-associated funding compared with women (5.2% vs 1.9%) ( Table 2 ). In 2014, out of $2 229 097 of research payments and/or funding, 83.1% went to men. Between men and women receiving research payments and/or funding, there was noticeable differences in scholarly impact, as measured by the h-index (21. 5 industry funding. However, of this academically productive group, 9.2% and 9.4% of men and women received research payments, respectively ( Table 2) .
The proportion of men and women receiving industry contributions organized by otolaryngologic subspecialty is detailed in Table 3 . When considering median industry contributions by subspecialty, several small gender differences were noted (Table 3) . Specifically, men who received industry contributions had significantly higher median support levels than women among otologists/neurotologists, laryngologists, and rhinologists/anterior skull base surgeons. Men received a greater proportion of total funding than would be expected by gender composition among all subspecialties with fellowship training; in contrast, only 63.9% of industry contributions among non-fellowship-trained otolaryngologists went to men, lower than would be expected because 79.3% of non-fellowship-trained academic otolaryngologists in this analysis were men (eFigure 1 in the Supplement).
Discussion
There are gender disparities in medicine, including among academic physicians. Although women have been historically underrepresented in the medical profession, the gender gap in medical school enrollment has been eliminated in recent decades. 18, 32, 33 Nevertheless, many surgical specialties including otolaryngology have had difficulty attracting women; the situation is improving but still exists. 10, 16, 34 Our group has previously reported considerable gender differences in several factors, including scholarly impact and grants awarded from the National Institutes of Health among academic otolaryngologists, suggesting that these disparities may be partly responsible for the underrepresentation of women in departmental leadership structures. [17] [18] [19] 35 These differences have been noted in other specialties as well. 14, [36] [37] [38] [39] [40] [41] Our recent analysis 42 evaluating industry financial ties among academic otolaryngologists noted that receiving industry contributions greater than $1000 is associated with greater scholarly impact. That study design, like this one, did not allow for attribution of causality. Industry representatives frequently target key opinion leaders (KOLs) with the intent to create and impact scholarly discourse. 22 A previous study of scholarly productivity in otolaryngology showed that men publish earlier in their careers; women lag behind early but then catch up and often surpass men later on in their academic lives. 18 This may explain why women may not be viewed as KOLs early in their careers and thus not attract funding by industry. Our analysis shows a relative equality of those who received research funding and total research dollars given by industry between men and women who are among the top 10% for their gender based on scholarly productivity. However, scholarly productivity may only contribute in part to academic and industry impact, and thus an individual's role as a KOL. 17, 43 The data show that assistant professors, who are not KOLs and have the smallest numbers of publications, are funded equivalently by gender while among associate and full professors, representing KOLs with large numbers of publications, women are funded less frequently and for less money when they are funded. Our analysis showed that the slight disparity in female industry funding which did not diminish over the years, in contrast to previous analyses indicating women have scholarly productivity curves equaling and surpassing those of men later in their careers, 18 ,44 is a find- ing worthy of closer examination. Potential reasons include lack of mentoring for women on how to approach and/or respond to industry and how to negotiate for appropriate funding, as well as the paucity of women on panels or as invited speakers at national and international meetings, thereby diminishing their ability to establish themselves as KOLs. These factors have generally been identified as barriers to advancement for women in academic medicine. Men received both more instances of industry contributions and more money than women, among otologists/ neurotologists, laryngologists, and rhinologists. The subspecialties of otology/neurotology and rhinology were particularly skewed for considerably higher median industry contributions for men, and were the 2 groups with the greatest proportion of practitioners receiving considerable industry contributions (defined as support >$1000) in the previous analysis.
42 Notably, these fields are 2 of the 3 most maledominated subspecialties in otolaryngology.
In addition, we speculate that men and women may harbor differing opinions and behaviors with respect to seeking and accepting industry funding. It is plausible that some women choose not to pursue industry funding. Perhaps as women become more academically productive later in their careers and thus more likely to be targeted as KOL, they find less motivation to pursue such industry ties. However, investigation of this behavior is beyond the scope of this study. Further, the metrics used in the context of gender disparities here paint a favorable picture for industry contributions. We feel that it is important to keep in mind the various negative aspects of industry contributions in health care, and how awareness of such ties may influence any number of sub-groups among otolaryngology, including women.
To our knowledge, this is the first published analysis focusing on gender-based patterns in physician-industry relationships. We demonstrated several associations, but can only speculate on the causalities and/or ramifications. These disparities may be a result of other gender disparities. The different trajectories between women and men in scholarly impact and academic advancement may in turn influence who is identified as a KOL by industry. Advocates of strengthening industry ties with health care note that such relationships, involving both research and nonresearch contributions, may play an important role in increasing access to novel technologies and furthering scholarly discourse. This may take on special importance in a smaller field, such as otolaryngology, in which the impact of scholarly activities may be limited relative to other fields 30 
Limitations
Although this is the first analysis to evaluate gender differences in physician-industry relationships among otolaryngologists, we would be remiss not to comment on several limitations. Importantly, we are not able to conclude why these differences were noted, although we are able to speculate on possible reasons. The Sunshine Act data has only been available since 2014. As recently as 1998, only 6% of otolaryngologists were women, and this number has risen above 20% within the past decade. 10 It would be of interest to reevaluate industry relationships as more years of information become available through this resource and as greater numbers of women advance in academic seniority to see how a higher number of female KOLs impacts the differences we noted. In addition, despite the strengths of multivariable regression analysis, we feel that simultaneously controlling for multiple variables (gender, fellowship training, academic rank, and productivity/experience) in such a small cohort, such as female academic otolaryngologists receiving industry support, is not entirely appropriate. The overwhelming underrepresentation of women in otolaryngology is demonstrated both in prior analyses as well as among the cohort we collected in this analysis. Hence, women already represent a small portion of the faculty included in this analysis, and controlling for many different factors at once in a multivariable regression analysis eliminates the ability to detect statistical differences. 48 Also, there are potential sources of variability inherent to our data collection. An accurate, comprehensive database relies on currently updated academic departmental websites. In addition, each department may employ different methodologies for including and reporting full-time, part-time, adjunct, or affiliate faculty. Furthermore, there is a potential for lack of consistency in reporting of fellowship training or subspecialty expertise on academic websites, and relying on names and photos for gender identification leaves room for error. Despite these limitations in data acquisition from departmental websites, we still feel this is the most robust method for analysis of population characteristics available, and does not suffer from recall and reporting biases that are often found with other methodologies used to answer such questions.
Conclusions
Among academic otolaryngologists, a greater proportion of men have financial ties with industry, differences which persist after controlling for academic rank and experience. Among otologists/neurotologists, laryngologists, and rhinologists, women receive a smaller proportion of industry contributions than would otherwise be expected by the gender composition of each subspecialty. As industry seeks KOLs for collaboration, and a recent study has reported an association between considerable industry contributions and increased scholarly impact, the gender disparities we report may be a result of previously described gender differences in scholarly impact and academic advancement, although this is speculative and beyond the scope of this analysis. As more data are made available and as women advance in academic otolaryngology, further analyses will likely help answer some of these questions. 
